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Introduction:
Xerostomia, a condition in which saliva is secreted in reduced amounts, is an annoying condition that may have a life-long duration. It can cause complications such as dysphagia, increased risk of candida infection, dysgeusia, impaired nutritional status, tongue papillae atrophy, lobulated tongue, halitosis and cervical tooth decay.
(1-3)
Overall, oral and dental problems can negatively affect the patient's quality of life by compromising his/her physical performance, social performance and self-confidence.
(1,2) The most common causes of xerostomia are salivary gland atrophy, usage of certain drugs, head and neck radiotherapy, Sjögren's syndrome and systemic diseases. (2) At present, smoking is one of the most important risk factors for developing oral lesions, tooth discoloration, halitosis, hairy tongue, increased calculi, periodontal diseases, mouth dryness, and oropharyngeal and respiratory cancers. (4, 5) In the absence of patient`s awareness of tobacco side effects and with continuous tobacco consumption, carcinogenic metabolites of tobacco react with DNA and may initiate carcinogenesis in the oral mucosa. (5, 6) There are conflicting reports about the correlation between cigarette smoking and mouth dryness, as some studies have mentioned that cigarette smokers have lower salivary flow rate than non-smokers, (5) whereas other studies have shown that cigarette smoking has no effect on mouth dryness. (7, 8) Considering the controversies and given the fact that to date no other research has explored the association between cigarette smoking and xerostomia in Iran, the aim of this study was to investigate the correlation between cigarette smoking and mouth dryness, according to the modified Schirmer test.
Materials and Methods:
The protocol of this historical cohort study was approved by the ethics committee of the dental branch of Islamic Azad University of Tehran. 50 cigarette smokers were placed in the case group after consenting to the study plan. The control group consisted of 50 non-smokers.
The two groups were matched according to age and gender. The participants were not consuming any medications, had no systemic diseases and were not using any other tobacco products. Each of the subjects was given an Oral-B toothpaste and toothbrush by the examiner to raise their level of cooperation.
Non-stimulated whole saliva was measured by using the modified Schirmer test (MST). According to the study by Fontana and colleagues, the MST was performed for all participants between 9 a.m. and 12 p.m. by an examiner trained by an oral medicine specialist. All the participants refrained from eating, drinking and smoking for 2 hours prior to the study. The subjects were asked to sit in an upright position on the dental chair.
The participants were instructed to swallow once to clear the mouth, and not to swallow during the test. Also, they were asked to raise and slowly retract their tongue, to avoid unintentional wetting of the Schirmer test's strip.
The strip was kept vertically with the help of cotton pliers, while the bottom of the paper was in contact with the floor of the mouth, both on the right and left sides of the lingual frenulum ( The color of the strip changes to brown in contact with moisture. The length of this brown area on the strip was recorded by the examiner at the intervals of 1, 2 and 3 minutes. The mean length of the wet areas on the two strips was calculated. In the present study, less than 25mm of moisture during 3 minutes was considered reduced salivary flow rate. 
Results:
This study was conducted on 100 individuals, including 50 non-smokers (controls) and 50 cigarette smokers (test group).
All participants were identical with regards to simultaneous reference to the dental school and therefore, were similar in terms of economic and social status.
The characteristics of the study population categorized by cigarette smoking status are presented in Table 1 , which shows that the two groups were similar in terms of gender, age and education level (P>0.2).
The quantitative and qualitative amounts of saliva categorized by cigarette smoking status are presented in Table 2 , which shows that the quantitative amount of saliva in the control group was equal to 24.8±2.4mm, while in the group of cigarette smokers it was equal to 15.8±2.1mm, which was 9mm less or 36.3% lower in smokers. Mann-U-Whitney test showed that this difference is statistically significant (P<0.001). Qualitatively, 30% of non-smokers and 90% of cigarette smokers showed reduced salivary flow rate, and Chi-square test showed that this difference is statistically significant (P<0.000).
Discussion:
The present study showed that cigarette smoking causes a more significant reduction in salivary flow rate in comparison with non-smoking status. It should be noted that the heat produced during cigarette smoking gradually affects the blood flow and reduces the blood supply, and subsequently decreases saliva. Immunoglobulins (especially IgA) and other protective agents in the blood also decrease due to smoking. The toxins present in cigarettes gradually affect the salivary parenchyma and destruct the salivary glands. (3, 5) Carbon monoxide is one of the main toxic gases in cigarettes, which reduces the salivary flow through vitamin A breakdown and restriction of the blood flow. In a case-control study, Dyasanoor and Saddue used the MST to investigate the correlation between mouth dryness and salivary flow in 60 smokers and 60 non-smokers. They showed that xerostomia symptoms were significantly associated with reduced non-stimulated salivary flow in long-term cigarette smokers (P=0.003).
(5) The results of the cited study are consistent with the findings of the current study. Perhaps, cigarette smoking has a greater effect on non-stimulated salivary flow than on stimulated salivary flow.
Rad et al investigated the long-term effects of cigarette smoking on salivary flow rate and oral health. Their case-control study involved 100 people. They concluded that long-term cigarette smoking significantly reduces the salivary flow rate and increases oral and dental disorders associated with xerostomia, particularly cervical caries, gingivitis, loosened teeth, halitosis and dental calculi. These results are also in agreement with the findings of the present study. Perhaps, longterm cigarette smoking has a greater influence on the salivary flow rate. 
Acknowledgement:
Our appreciation is extended to all the participants of this study. We are also thankful to the supervisors and advisors of the dental branch of Tehran, Islamic Azad University for the cooperation during this research project which is based on general dentistry thesis, No:25169.
References: Ahmadi-Motamayel et al investigated the prevalence of oral mucosal lesions in male cigarette smokers and non-smokers. Their results showed that the most common lesions among the smokers were tongue and gingival lesions, and smokers had significantly more lesions than non-smokers. Malignant and pre-malignant lesions were observed in older age. They found a large number of oral mucosal lesions in smokers, which had a strong association with cigarette smoking. (12) The results of the mentioned study are in line with the findings of the present research. Perhaps, the higher prevalence of oral mucosal lesions among cigarette smokers is due to the impact of smoking on the amount of saliva.
Patil et al conducted a cross-sectional study to assess the prevalence of oral lesions in dental patients with the habit of tobacco smoking, tobacco chewing or both. The results of their study showed that the risk of the progression of oral lesions associated with tobacco smoking, tobacco chewing or both, is high. The men who had one or more of these habits showed more oral changes than women. (13) Nevertheless, the results of the present study are consistent with previous studies indicating that cigarette smoking affects the salivary flow rate. This may be due to the presence of harmful carcinogenic agents in cigarettes, which affect the salivary flow rate and make smokers more susceptible to oral mucosal diseases.
(5,9, 13) In a case-control study, Khan et al assessed the effects of cigarette smoking on salivary flow rate. They rubbed raw nicotine and citric acid solutions on the tip of the tongue of the subjects. All saliva samples were collected under resting conditions. Their results showed that long-term cigarette smoking does not have any side effects on the response of the taste receptors and therefore has no effect on salivary flow rate. The results of the mentioned study are inconsistent with the findings of our study. This difference can be attributed to different study methods. Furthermore, the amount of nicotine absorbed through the tongue may vary in different individuals, and may render unreliable results.
